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FORMULATIONS FOR TREATING OCULAR 
DISEASES AND CONDITIONS 

FIELD 

[0001] Described herein are liquid formulations for treat 
ment, prevention, inhibition, delaying onset of, or causing 
regression of a disease or condition by delivery of therapeutic 
agents to a subject, including but not limited to a human 
subject, including but not limited to the treatment of age 
related macular degeneration (AMD) and macular edema by 
delivery of a liquid formulation comprising a therapeutic 
agent, including but not limited to rapamycin (sirolimus), to 
the eye of a subject, including but not limited to a human 
subject. Nonlimiting examples of liquid formulations include 
solutions, suspensions, and in situ gelling formulations. 

BACKGROUND 

[0002] The retina of the eye contains the cones and rods that 
detect light. In the center of the retina is the macula lutea, 
Which is about 1/3 to 1/2 cm in diameter. The macula provides 
detailed vision, particularly in the center (the fovea), because 
the cones are higher in density. Blood vessels, ganglion cells, 
inner nuclear layer and cells, and the plexiform layers are all 
displaced to one side (rather than resting above the cones), 
thereby alloWing light a more direct path to the cones. 
[0003] Under the retina are the choroid, comprising a col 
lection of blood vessels embedded Within a ?brous tissue, and 
the deeply pigmented epithelium, Which overlays the choroid 
layer. The choroidal blood vessels provide nutrition to the 
retina (particularly its visual cells). 
[0004] There are a variety of retinal disorders for Which 
there is currently no treatment or for Which the current treat 
ment is not optimal. Retinal disorders such as uveitis (an 
in?ammation of the uveal tract: iris, ciliary body, and chor 
oid), central retinal vein occlusive diseases (CRVO), branch 
retinal venous occlusion (BRVO), macular degeneration, 
macular edema, proliferative diabetic retinopathy, and retinal 
detachment generally are all retinal disorders that are dif?cult 
to treat With conventional therapies. 
[0005] Age-related macular degeneration (AMD) is the 
major cause of severe visual loss in the United States for 
individuals over the age of 60. AMD occurs in either an 
atrophic or less commonly an exudative form. The atrophic 
form of AMD is also called “dry AMD,” and the exudative 
form of AMD is also called “Wet AMD.” 
[0006] In exudative AMD, blood vessels groW from the 
choriocapillaris through defects in Bruch’s membrane, and in 
some cases the underlying retinal pigment epithelium. Orga 
niZation of serous or hemorrhagic exudates escaping from 
these vessels results in ?brovascular scarring of the macular 
region With attendant degeneration of the neuroretina, detach 
ment and tears of the retinal pigment epithelium, vitreous 
hemorrhage and permanent loss of central vision. This pro 
cess is responsible for more than 80% of cases of signi?cant 
visual loss in subjects With AMD. Current or forthcoming 
treatments include laser photocoagulation, photodynamic 
therapy, treatment With VEGF antibody fragments, treatment 
With pegylated aptamers, and treatment With certain small 
molecule agents. 
[0007] Several studies have recently described the use of 
laser photocoagulation in the treatment of initial or recurrent 
neovascular lesions associated With AMD (Macular Photoco 
agulation Study Groups (1991) in Arch. Ophlhal. 109:1220; 
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Arch. Ophlhal. 109:1232;Arch. Ophlhal. 10911242). Unfor 
tunately, AMD subjects With subfoveal lesions subjected to 
laser treatment experienced a rather precipitous reduction in 
visual acuity (mean 3 lines) at 3 months folloW-up. Moreover, 
at tWo years post-treatment treated eyes had only marginally 
better visual acuity than their untreated counterparts (means 
of 20/320 and 20/ 400, respectively). Another draWback of the 
procedure is that vision after surgery is immediately Worse. 
[0008] Photodynamic therapy (PDT) is a form of photo 
therapy, a term encompassing all treatments that use light to 
produce a bene?cial reaction in a subject. Optimally, PDT 
destroys unWanted tissue While sparing normal tissue. Typi 
cally, a compound called a photosensitiZer is administered to 
the subject. Usually, the photosensitiZer alone has little or no 
effect on the subject. When light, often from a laser, is 
directed onto a tissue containing the photosensitiZer, the pho 
tosensitiZer is activated and begins destroying targeted tissue. 
Because the light provided to the subject is con?ned to a 
particularly targeted area, PDT can be used to selectively 
target abnormal tissue, thus sparing surrounding healthy tis 
sue. PDT is currently used to treat retinal diseases such as 
AMD. PDT is currently the mainstay of treatment for sub 
foveal choroidal neovasculariZation in subjects With AMD 
(Photodynamic Therapy for Subfoveal Choroidal Neovascu 
lariZation in Age Related Macular Degeneration With Verte 
por?n (TAP Study Group) Arch Oplhalmol. 1999 117: 1329 
1345. 

[0009] Choroidal neovasculariZation (CNV) has proven to 
be recalcitrant to treatment in most cases. Conventional laser 
treatment can ablate CNV and help to preserve vision in 
selected cases not involving the center of the retina, but this is 
limited to only about 10% of the cases. Unfortunately, even 
With successful conventional laser photocoagulation, the 
neovasculariZation recurs in about 50-70% of eyes (50% over 
3 years and >60% at 5 years). (Macular Photocoagulation 
Study Group, Arch. Opzhalmol. 204:694-701 (1986)). In 
addition, many subjects Who develop CNV are not good 
candidates for laser therapy because the CNV is too large for 
laser treatment, or the location cannot be determined so that 
the physician cannot accurately aim the laser. Photodynamic 
therapy, although utiliZed in up to 50% of neW cases of sub 
foveal CNV has only marginal bene?ts over natural history, 
and generally delays progression of visual loss rather than 
improving vision Which is already decreased secondary to the 
subfoveal lesion. PDT is neither preventive or de?nitive. Sev 
eral PDT treatments are usually required per subject and 
additionally, certain subtypes of CNV fare less Well than 
others. 
[0010] Thus, there remains a long-felt need for methods, 
compositions, and formulations that may be used to optimally 
prevent or signi?cantly inhibit choroidal neovasculariZation 
and to prevent and treat Wet AMD. 

[001 1] In addition to AMD, choroidal neovasculariZation is 
associated With such retinal disorders as presumed ocular 
histoplasmosis syndrome, myopic degeneration, angioid 
streaks, idiopathic central serous chorioretinopathy, in?am 
matory conditions of the retina and or choroid, and ocular 
trauma. Angiogenic damage associated With neovasculariZa 
tion occurs in a Wide range of disorders including diabetic 
retinopathy, venous occlusions, sickle cell retinopathy, retin 
opathy of prematurity, retinal detachment, ocular ischemia 
and trauma. 

[0012] Uveitis is another retinal disorder that has proven 
dif?cult to treat using existing therapies. Uveitis is a general 
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term that indicates an in?ammation of any component of the 
uveal tract. The uveal tract of the eye consists of the iris, 
ciliary body, and choroid. In?ammation of the overlying 
retina, called retinitis, or of the optic nerve, called optic neu 
ritis, may occur With or Without accompanying uveitis. 
[0013] Uveitis is most commonly classi?ed anatomically 
as anterior, intermediate, posterior, or diffuse. Posterior uvei 
tis signi?es any of a number of forms of retinitis, choroiditis, 
or optic neuritis. Diffuse uveitis implies in?ammation involv 
ing all parts of the eye, including anterior, intermediate, and 
posterior structures. 
[0014] The symptoms and signs of uveitis may be subtle, 
and vary considerably depending on the site and severity of 
the in?ammation. Regarding posterior uveitis, the most com 
mon symptoms include the presence of ?oaters and decreased 
vision. Cells in the vitreous humor, White or yelloW-White 
lesions in the retina and/or underlying choroid, exudative 
retinal detachments, retinal vasculitis, and optic nerve edema 
may also be present in a subject suffering from posterior 
uveitis. 
[0015] Ocular complications of uveitis may produce pro 
found and irreversible loss of vision, especially When unrec 
ogniZed or treated improperly. The most frequent complica 
tions of posterior uveitis include retinal detachment; 
neovasculariZation of the retina, optic nerve, or iris; and cys 
toid macular edema. 
[0016] Macular edema (ME) can occur if the sWelling, 
leaking, and hard exudates noted in background diabetic ret 
inopathy (BDR) occur Within the macula, the central 5% of 
the retina most critical to vision. Background diabetic retin 
opathy (BDR) typically consists of retinal microaneurisms 
that result from changes in the retinal microcirculation. These 
microaneurisms are usually the earliest visible change in 
retinopathy seen on exam With an opthalmoscope as scattered 
red spots in the retina Where tiny, Weakened blood vessels 
have ballooned out. The ocular ?ndings in background dia 
betic retinopathy progress to cotton Wool spots, intraretinal 
hemorrhages, leakage of ?uid from the retinal capillaries, and 
retinal exudates. The increased vascular permeability is also 
related to elevated levels of local groWth factors such as 
vascular endothelial groWth factor. The macula is rich in 
cones, the nerve endings that detect color and upon Which 
daytime vision depends. When increased retinal capillary 
permeability effects the macula, blurring occurs in the middle 
or just to the side of the central visual ?eld, rather like looking 
through cellophane. Visual loss may progress over a period of 
months, and can be very annoying because of the inability to 
focus clearly. ME is a common cause of severe visual impair 
ment. 

[0017] There have been many attempts to treat CNV and its 
related diseases and conditions, as Well as other conditions 
such as macular edema and chronic in?ammation, With phar 
maceuticals. For example, use of rapamycin to inhibit CNV 
and Wet AMD has been described in Us. application Ser. No. 
10/ 665,203, Which is incorporated herein by reference in its 
entirety. The use of rapamycin to treat in?ammatory diseases 
ofthe eye has been described inU.S. Pat. No. 5,387,589, titled 
Method of Treating Ocular In?ammation, With inventor Pras 
sad Kulkarni, assigned to University of Louisville Research 
Foundation, the contents of Which is incorporated herein in its 
entirety. 
[0018] Particularly for chronic diseases, including those 
described herein, there is a great need for long acting methods 
for delivering therapeutic agents to the eye, such as to the 
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posterior segment to treat CNV in such diseases as AMD, 
macular edema, proliferative retinopathies, and chronic 
in?ammation. Formulations With extended delivery of thera 
peutic agent are more comfortable and convenient for a sub 
ject, due to a diminished frequency ofocular injections of the 
therapeutic agent. 
[0019] Direct delivery of therapeutic agents to the eye 
rather than systemic administration may be advantageous 
because the therapeutic agent concentration at the site of 
action is increased relative to the therapeutic agent concen 
tration in a subject’s circulatory system. Additionally, thera 
peutic agents may have undesirable side effects When deliv 
ered systemically to treat posterior segment disease. Thus, 
localiZed drug delivery may promote ef?cacy While decreas 
ing side effects and systemic toxicity. 

SUMMARY 

[0020] The methods, compositions, and liquid formula 
tions described herein alloW delivery of a therapeutic agent to 
a subject, including but not limited to a human subject or to 
the eye(s) of a subject. Described herein are methods, com 
positions, and liquid formulations for delivering a variety of 
therapeutic agents for extended periods of time Which can be 
used for the treatment, prevention, inhibition, delaying onset 
of, or causing regression of a number of conditions or dis 
eases, including but not limited to diseases or conditions of 
the eye. The liquid formulations include, Without limitation, 
solutions, suspensions, and in situ gelling formulations. 
[0021] Described herein are methods, compositions and 
liquid formulations for administering to a human subject an 
amount of rapamycin effective to treat, prevent, inhibit, delay 
onset of, or cause regression of Wet AMD, dry AMD, or 
macular edema (including, Without limitation, diabetic macu 
lar edema). 
[0022] As described in further detail in the Detailed 
Description section, the methods, compositions and liquid 
formulations may also be used for delivery to a subject, 
including but not limited to a human subject or to the eye(s) of 
a human subject of therapeutically effective amounts of rapa 
mycin for the treatment, prevention, inhibition, delaying of 
the onset of, or causing the regression ofWetAMD, dryAMD, 
or macular edema. In some variations, the methods, compo 
sitions, and liquid formulations are used to treat Wet AMD. In 
some variations, the methods, compositions, and liquid for 
mulations are used to prevent Wet AMD. In some variations, 
the methods, compositions, and liquid formulations are used 
to treat dry AMD. In some variations, the methods, compo 
sitions, and liquid formulations are used to prevent dry AMD. 
In some variations, the methods and formulations described 
herein are used to prevent the transition from dry AMD to Wet 
AMD. In some variations, the methods and formulations 
described herein are used to treat macular edema (including, 
Without limitation, diabetic macular edema). In some varia 
tions, the methods and formulations described herein are used 
to prevent macular edema. The methods, compositions and 
liquid formulations may also be used for delivery to a subject, 
including but not limited to a human subject or to the eye of a 
subject of therapeutically effective amounts of rapamycin for 
the treatment, prevention, inhibition, delaying of the onset of, 
or causing the regression of CNV. In some variations, the 
methods, compositions and liquid formulations are used to 
treat CNV. The methods, compositions and liquid formula 
tions may also be used for delivery to a subject, including but 
not limited to a human subject or to the eye of a subject of 
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therapeutically effective amounts of rapamycin for the treat 
ment, prevention, inhibition, delaying of the onset of, or caus 
ing the regression of angiogenesis in the eye. In some varia 
tions, the methods, compositions and liquid formulations are 
used to treat angiogenesis. Other diseases and conditions that 
may be treated, prevented, inhibited, have onset delayed, or 
caused to regress using rapamycin are described in the Dis 
eases and Conditions section of the Detailed Description. 

[0023] As described in further detail in the Detailed 
Description, the methods, compositions and liquid formula 
tions may also be used for delivery to a subject, including but 
not limited to a human subject or to the eye of a subject of 
therapeutically effective amounts of therapeutic agents other 
than rapamycin for the treatment, prevention, inhibition, 
delaying of the onset of, or causing the regression of Wet 
AMD or macular edema. In some variations, the methods, 
compositions and liquid formulations are used to treat Wet 
AMD. In some variations, the methods, compositions and 
liquid formulations are used to treat macular edema. Thera 
peutic agents that may be used are described in detail in the 
Therapeutic Agents section. Such therapeutic agents include 
but are not limited to immunophilin binding compounds. 
Immunophilin binding compounds that may be used include 
but are not limited to the limus family of compounds 
described further in the Therapeutic Agents section herein, 
including rapamycin, SDZ-RAD, tacrolimus, everolimus, 
pimecrolimus, CCI-779, AP23841, ABT-578, derivatives, 
analogs, prodrugs, salts and esters thereof. In certain varia 
tions, the therapeutic agent is dasatinib, or a salt or ester 
thereof. The methods, compositions and liquid formulations 
may also be used for delivery to a subject, including but not 
limited to a human subject or to the eye of a subject of 
therapeutically effective amounts of therapeutic agents for 
the treatment, prevention, inhibition, delaying of the onset of, 
or causing the regression of CNV. In some variations, the 
methods, compositions and liquid formulations are used to 
treat CNV. The methods, compositions and liquid formula 
tions may also be used for delivery to a subject, including but 
not limited to a human subject or to the eye of a subject of 
therapeutically effective amounts of therapeutic agents for 
the treatment, prevention, inhibition, delaying of the onset of, 
or causing the regression of angiogenesis in the eye. In some 
variations, the methods, compositions and liquid formula 
tions are used to treat angiogenesis. Other diseases and con 
ditions that may be treated, prevented, inhibited, have onset 
delayed, or caused to regress using therapeutic agents other 
than rapamycin are described in the Diseases and Conditions 
section of the Detailed Description. 
[0024] One liquid formulation described herein comprises 
a solution that includes a therapeutic agent dissolved in a 
solvent. Generally, any solvent that has the desired effect may 
be used in Which the therapeutic agent dissolves and Which 
can be administered to a subject, including but not limited to 
a human subject or an eye of a subject. Generally, any con 
centration of therapeutic agent that has the desired effect can 
be used. The formulation in some variations is a solution 
Which is unsaturated, a saturated or a supersaturated solution. 
The solvent may be a pure solvent or may be a mixture of 
liquid solvent components. In some variations the solution 
formed is an in situ gelling formulation. Solvents and types of 
solutions that may be used are Well knoWn to those versed in 
such drug delivery technologies. 
[0025] The liquid formulations described herein may form 
a non-dispersed mass When placed into a rabbit eye, including 

Mar. 19, 2009 

but not limited to the vitreous of a rabbit eye. In some varia 
tions the non-dispersed mass comprises a gel. In some varia 
tions, the liquid formulation comprises a therapeutic agent 
and a plurality of polymers. In some variations one of the 
polymers is polyacrylate or polymethacrylate. In some varia 
tions one of the polymers is polyvinylpyrrolidone. 
[0026] The liquid formulations described herein may form 
a non-dispersed mass When placed into a human eye, includ 
ing, but not limited to, injected into the vitreous of a human 
eye or injected betWeen the sclera and conjunctiva of a human 
eye. 
[0027] In some variations, the non-dispersed mass com 
prises a depot. In some variations, the non-dispersed mass 
consists of a depot. 
[0028] For liquid formulations Which form a non-dispersed 
mass, the non-dispersed mass may generally be any geometry 
or shape. The non-dispersed mass-forming liquid formula 
tions may, for instance, appear as a compact spherical mass 
When placed in the vitreous. In some variations the liquid 
formulations described herein form a milky or Whitish col 
ored semi-contiguous or semi-solid non-dispersed mass rela 
tive to the medium in Which it is placed, When placed in the 
vitreous. 
[0029] The liquid formulations may generally be adminis 
tered in any volume that has the desired effect. In one method 
a volume of a liquid formulation is administered to the vitre 
ous and the liquid formulation is less than one half the volume 
of the vitreous. 
[0030] Routes of administration that may be used to admin 
ister a liquid formulation include but are not limited to (l) 
placement of the liquid formulation by placement, including 
by injection, into a medium, including but not limited to an 
aqueous medium in the body, including but not limited to 
intraocular or periocular injection; or (2) oral administration 
of the liquid formulation. The liquid formulation may be 
administered systemically, including but not limited to the 
folloWing delivery routes: rectal, vaginal, infusion, intramus 
cular, intraperitoneal, intraarterial, intrathecal, intrabron 
chial, intracistemal, cutaneous, subcutaneous, intradermal, 
transdermal, intravenous, intracervical, intraabdominal, 
intracranial, intrapulmonary, intrathoracic, intratracheal, 
nasal, buccal, sublingual, oral, parenteral, or nebulised or 
aerosoliZed using aerosol propellants. In some variations, the 
liquid formulation is administered subconj unctivally. In some 
variations, the liquid formulation is administered intravitre 
ally. In some alternative variations, the liquid formulation is 
administered by subtenon injection. In some variatons, the 
liquid formulation is administered topically. 
[0031] The liquid formulations described herein may be 
delivered to any medium of a subject, including but not lim 
ited to a human subject, including but not limited to an aque 
ous medium of a subject. 

[0032] One liquid formulation described herein comprises 
a liquid formulation of rapamycin or other therapeutic agent. 
The liquid formulations may comprise a solution, suspension, 
an in situ gelling formulation, or an emulsion. The droplets in 
the emulsion may generally be of any siZe, including but not 
limited to up to about 5,000 nm. 

[0033] In some formulations described herein, the liquid 
formulations may comprise a therapeutic agent including but 
not limited to rapamycin, and one or more solubiliZing agents 
or solvents. In some variations, the solubiliZing agent or sol 
vent is glycerin, DMSO, DMA, N-methylpyrrolidone, etha 
nol, benZyl alcohol, isopropyl alcohol, polyethylene glycol of 
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various molecular Weights, including but not limited to PEG 
300 and PEG 400, or propylene glycol or a mixture of one or 
more thereof. 

[0034] In some formulations described herein, the liquid 
formulation includes hyaluronic acid. 
[0035] The liquid formulations described herein may 
deliver a therapeutic agent or agents for an extended period of 
time. One nonlimiting example of such an extended release 
delivery system is a liquid formulation that delivers a thera 
peutic agent or agents to a subject, including but not limited to 
a human subject or to the eye of a subject in an amount 
suf?cient to maintain an amount effective to treat, prevent, 
inhibit, delay onset of, or cause regression of a disease or 
condition in a subject for an extended period of time. In some 
variations, the liquid formulation is used to treat a disease or 
condition in a subject, including but not limited to a human 
subject. In some variations, the liquid formulation delivers 
the therapeutic agent for at least about one, about tWo, about 
three, about six, about nine, or about twelve months. 
[0036] The liquid formulations described herein may 
deliver rapamycin or other therapeutic agents for an extended 
period of time. One nonlimiting example of such an extended 
release delivery system is a liquid formulation that delivers 
rapamycin to a subject, including but not limited to a human 
subject or to the eye of a subject in an amount su?icicnt to 
maintain an amount effective to treat, prevent, inhibit, delay 
onset of, or cause regression of Wet age-related macular 
degeneration for an extended period of time. In some varia 
tions, the liquid formulation is used to treat Wet age-related 
macular degeneration for an extended period of time. In some 
variations, the liquid formulation is used to prevent Wet age 
related macular degeneration for an extended period of time. 
In some variations, the liquid formulation is used to prevent 
transition of dry AMD to Wet AMD for an extended period of 
time. In one nonlimiting example, the liquid formulation 
delivers the rapamycin to the vitreous, sclera, retina, choroid, 
macula, or other tissues of a subject, including but not limited 
to a human subject in an amount su?icient to treat, prevent, 
inhibit, delay onset of, or cause regression of Wet age-related 
macular degeneration for at least about three, about six, about 
nine, or about twelve months. In some variations, the level of 
rapamycin is su?icient to treat AMD. In some variations, the 
level of rapamycin is su?icient to prevent onset of Wet AMD. 
[0037] Other extended periods of release are described in 
the Detailed Description. 
[0038] Described herein is a liquid formulation comprising 
a therapeutic agent, Wherein the liquid formulation contains 
less than about 90% (W/W) of any material having a hygro 
scopicity that is about equal to or greater than that of poly 
ethylene glycol (PEG 400). In some variations, the liquid 
formulation contains less than about 80%, less than about 
70%, less than about 60%, less than about 50%, or less than 
about 40% of the material having a hygroscopicity that is 
about equal to or greater than that of polyethylene glycol 
(PEG 400). In some variations, the material is a solvent. 
Methods are provided for treating an ocular disease in a 
human subject comprising administering to the subject by 
intraocular or periocular delivery a volume of the liquid for 
mulation containing an amount of the therapeutic agent effec 
tive to treat an ocular disease in the subject. Methods for 
preventing an ocular disease in a human subject comprising 
administering to the subject by intraocular or periocular 
delivery a volume of the liquid formulation containing an 
effective amount of the therapeutic agent are also provided. 
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[0039] Also described herein is a method for treating an 
ocular disease in a human subject comprising administering 
to the human subject a volume of a liquid formulation by 
placement betWeen the sclera and conjunctiva of the subject, 
Wherein the liquid formulation comprises: (a) an effective 
amount of a therapeutic agent; and (b) a material selected 
from the group consisting of polyethylene glycol 400 (PEG 
400), a material about as hygroscopic as PEG 400, or a mate 
rial more hygroscopic than PEG 400. In certain variations, the 
liquid formulation comprises less than about 80 [1.1, less than 
about 60 [1.1, or less than about 40 [1.1 of such a material. In some 
variations, the material is a solvent. 
[0040] Also described herein is a method for preventing an 
ocular disease in a human subject comprising administering 
to the human subject a volume of a liquid formulation by 
placement betWeen the sclera and conjunctiva of the subject, 
Wherein the liquid formulation comprises: (a) an effective 
amount of a therapeutic agent; and (b) a material selected 
from the group consisting of polyethylene glycol 400 (PEG 
400), a material about as hygroscopic as PEG 400, or a mate 
rial more hygroscopic than PEG 400. In certain variations, the 
liquid formulation comprises less than about 80 [1.1, less than 
about 60 [1.1, or less than about 40 [1.1 of such a material. In some 
variations, the material is a solvent. 
[0041] Further described herein is a method for treating an 
ocular disease in a human subject, the method comprising 
administering periocularly to the subject a volume of formu 
lation comprising an amount of therapeutic agent and a vol 
ume of an excipient, Wherein the amount of therapeutic agent 
is su?icient to treat the ocular disease, and Wherein the excipi 
ent is PEG 400 or a material having a hygroscopicity about 
equal to or less than PEG 400 and the volume of the excipient 
is less than or equal to about 100 [1.1. In some variations, the 
volume of the excipient is less than or equal to about 80 [1.1, 
less than or equal to about 60 [1.1, or less than or equal to about 
40 [1.1. In some variations, the volume of formulation is admin 
istered betWeen the sclera and conjunctiva of the subject. In 
some variations, the ocular disease is dry age-related macular 
degeneration, Wet age-related macular degeneration or macu 
lar edema. In some variations, the excipient is a solvent. In 
some variations, the excipient is PEG 400. 
[0042] Further described herein is a method for preventing 
an ocular disease in a human subject, the method comprising 
administering periocularly to the subject a volume of formu 
lation comprising an amount of therapeutic agent and a vol 
ume of an excipient, P Wherein the amount of therapeutic 
agent is su?icient to prevent the ocular disease, and Wherein 
the excipient is PEG 400 or a material having a hygroscopic 
ity about equal to or less than PEG 400 and the volume of the 
excipient is less than or equal to about 100 [1.1. In some varia 
tions, the volume of the excipient is less than or equal to about 
80 [1.1, less than or equal to about 60 [1.1, or less than or equal to 
about 40 [1.1. In some variations, the volume of formulation is 
administered betWeen the sclera and conjunctiva of the sub 
ject. In some variations, the ocular disease is dry age-related 
macular degeneration, Wet age-related macular degeneration 
or macular edema. In some variations, the excipient is a 
solvent. In some variations, the excipient is PEG 400. 
[0043] Described herein is also a liquid formulation com 
prising a therapeutic agent, Water, and one or more excipients 
selected from the group consisting of N-methylpyrrolidone 
(N MP), dimethyl acetamine (DMA), dimethyl sulfoxide 
(DMSO), propylene glycol (PG), polyethylene glycol 600 
(PEG 600), and polyethylene glycol 400. In some variations, 
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the excipient is a solvent. In certain variations, the formula 
tion comprises at least about ?ve percent (W/W) of Water. In 
some variations, in addition to the therapeutic agent and 
Water, the formulation comprises both (i) an excipient 
selected from the group consisting of N-methyl pyrrolidone 
(NMP), dimethyl acetamine (DMA), and dimethyl sulfoxide 
(DMSO); and (ii) an excipient selected from the group con 
sisting of propylene glycol (PG), polyethylene glycol 600 
(PEG 600), and polyethylene glycol 400. The formulation, 
may, in some variations, comprise up to about ?ve percent 
(W/W) therapeutic agent. In some variations, the formulation 
further comprises ethanol. Methods are provided for treating 
an ocular disease in a human subject comprising administer 
ing to the subject by intraocular or periocular delivery a 
volume of the liquid formulation containing an amount of the 
therapeutic agent effective to treat the ocular disease in the 
subject. Methods for preventing an ocular disease in a human 
subject comprising administering to the subject by intraocu 
lar or periocular delivery a volume of the liquid formulation 
containing an effective amount of the therapeutic agent are 
also provided. 
[0044] In some variations of each of the aforementioned 
methods and/or formulations, as Well as other methods and/or 
formulations described herein, the liquid formulation, When 
injected betWeen the sclera and conjunctiva of a rabbit eye 
delivers an amount of the therapeutic agent su?icient to 
achieve, for a period of time of at least 30 days folloWing 
administration of the liquid formulation, one or both of the 
folloWing: (a) an average concentration of therapeutic agent 
in the vitreous of the rabbit eye equivalent to a rapamycin 
concentration of at least 0.01 ng/ml; or (b) an average con 
centration of therapeutic agent in the retina choroid tissues of 
the rabbit eye equivalent to a rapamycin concentration of at 
least 0.001 ng/mg. 
[0045] In some variations of each of the aforementioned 
methods and/or formulations, as Well as other methods and/or 
formulations described herein, the liquid formulation, When 
injected into the vitreous of a rabbit eye delivers an amount of 
the therapeutic agent su?icient to achieve, for a period of time 
of at least 30 days folloWing administration of the liquid 
formulation, one or both of the folloWing: (a) an average 
concentration of therapeutic agent in the retina choroid tis 
sues of the rabbit eye equivalent to a rapamycin concentration 
of at least 0.01 ng/mg; or (b) an average concentration of 
therapeutic agent in the vitreous of the rabbit eye equivalent to 
a rapamycin concentration of at least 1000 ng/ml. 

[0046] Described herein is a liquid formulation comprising 
a therapeutic agent, Wherein the liquid formulation When 
administered by subtenon injection to a rabbit eye delivers an 
amount of the therapeutic agent su?icient to achieve, for a 
period of time of at least 30 days folloWing administration of 
the liquid formulation, one or both of the folloWing: (a) an 
average concentration of therapeutic agent in the vitreous of 
the rabbit eye equivalent to a rapamycin concentration of at 
least 0.01 ng/ml; or (b) an average concentration of therapeu 
tic agent in the retina choroid tissues of the rabbit eye equiva 
lent to a rapamycin concentration of at least 0.001 ng/mg. 
Methods are provided for treating an ocular disease in a 
human subject comprising administering to the subject by 
intraocular or periocular delivery a volume of the liquid for 
mulation containing an amount of the therapeutic agent effec 
tive to treat an ocular disease in the subject. Methods for 
preventing an ocular disease in a human subject comprising 
administering to the subject by intraocular or periocular 
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delivery a volume of the liquid formulation containing an 
effective amount of the therapeutic agent are also provided. 
[0047] In some variations of each of the aforementioned 
methods and/or formulations, as Well as other methods and/or 
formulations described herein, the liquid formulation is 
administered by intravitreal, subconjunctival, topical, or sub 
tenon administration. 

[0048] Also described herein is a liquid formulation com 
prising: (a) a therapeutic agent; (b) a ?rst component selected 
from the group consisting of ethoxlyated p-tert-octylphenol 
formaldehyde polymer, polyoxyl 35 castor oil, propylene 
glycol monolaurate, propylene glycol dicaprylate/dicaprate, 
and macrogol l5 hydroxystearate; and (c) a second compo 
nent comprising monoglycerides and/or diglycerides of 
caprylate. In some variations, the formulation further com 
prises ethanol and/or Water. Methods for treating an ocular 
disease in a human subject, comprising administering to the 
subject by topical delivery a volume of the liquid formulation 
containing an amount of the therapeutic agent effective to 
treat the ocular disease in the human subject are also pro 
vided. Methods for preventing an ocular disease in a human 
subject, comprising administering to the subject by topical 
delivery a volume of the liquid formulation containing an 
amount of the therapeutic agent effective to prevent the ocular 
disease in the human subject are also provided. In some 
variations, the liquid formulation is applied topically to an eye 
of the subject about once or less a day, about once or less every 
5 days, or about once or less every 10 days. In some varia 
tions, the methods are methods of treatment. In some varia 
tions, the disease to be treated is a disease of the retina. In 
some variations, the disease is AMD or macular edema. 

[0049] In addition, described herein is a method for treating 
an ocular disease in a human subject, the method comprising 
administering to the human subject by topical delivery a 
volume of a liquid formulation containing an amount of a 
therapeutic agent effective to treat the ocular disease in the 
human subject, Wherein the liquid formulation When topi 
cally applied to a rabbit eye in a volume of 80 [1.1 a day for six 
days delivers an amount of the therapeutic agent su?icient to 
achieve: (a) an average concentration of the therapeutic agent 
in the cornea of the rabbit eye at day 6 equivalent to a rapa 
mycin concentration of at least 0.01 ng/mg; or (b) an average 
concentration of therapeutic agent in the retina choroid tis 
sues of the rabbit eye at day 6 equivalent to a rapamycin 
concentration of at least 0.001 ng/mg. In some variations, the 
liquid formulation is applied topically to an eye of the subject 
about once or less a day, about once or less every 5 days, or 
about once or less every 10 days. In some variations, the 
method is a method of treatment. In some variations, the 
liquid formulation consists essentially of about 2% (W/W) 
rapamycin, about 4% (W/W) ethanol, and about 94% (W/W) 
PEG 400. 

[0050] In addition, described herein is a method for pre 
venting an ocular disease in a human subject, the method 
comprising administering to the human subject by topical 
delivery a volume of a liquid formulation containing an 
amount of a therapeutic agent effective to prevent the ocular 
disease in the human subject, Wherein the liquid formulation 
When topically applied to a rabbit eye in a volume of 80 [1.1 a 
day for six days delivers an amount of the therapeutic agent 
suf?cient to achieve: (a) an average concentration of the 
therapeutic agent in the cornea of the rabbit eye at day 6 
equivalent to a rapamycin concentration of at least 0.01 
ng/mg; or (b) an average concentration of therapeutic agent in 
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the retina choroid tissues of the rabbit eye at day 6 equivalent 
to a rapamycin concentration of at least 0.001 ng/mg. In some 
variations, the liquid formulation is applied topically to an eye 
of the subject about once or less a day, about once or less every 
5 days, or about once or less every 10 days. In some varia 
tions, the method is a method of treatment. In some variations, 
the liquid formulation consists essentially of about 2% (W/W) 
rapamycin, about 4% (W/W) ethanol, and about 94% (W/W) 
PEG 400. 

[0051] Further described herein is a liquid formulation 
comprising a therapeutic agent and Water, Wherein the liquid 
formulation When applied to a rabbit eye in a volume of 80 [1.1 
a day for six days delivers an amount of the therapeutic agent 
suf?cient to achieve: (a) an average concentration of the 
therapeutic agent in the cornea of the rabbit eye at day 6 
equivalent to a rapamycin concentration of at least 0.01 
ng/mg; or (b) an average concentration of therapeutic agent in 
the retina choroid tissues of the rabbit eye at day 6 equivalent 
to a rapamycin concentration of at least 0.001 ng/mg. Meth 
ods for treating an ocular disease in a human subject, com 
prising administering to the subject by topical delivery a 
volume of the liquid formulation containing an amount of the 
therapeutic agent effective to treat the ocular disease in the 
human subject are also provided. Methods for preventing an 
ocular disease in a human subject, comprising administering 
to the subject by topical delivery a volume of the liquid 
formulation containing an amount of the therapeutic agent 
effective to prevent the ocular disease in the human subject 
are also provided. In some variations, the liquid formulation 
is applied topically to an eye of the subject about once or less 
a day, about once or less every 5 days, or about once or less 
every 10 days. In some variations, the methods are methods of 
treatment. 

[0052] Also described herein is a method for treating an 
ocular disease in a human subject, the method comprising 
topically administering to the subject a liquid formulation 
comprising a therapeutic agent, Wherein the liquid formula 
tion, When a volume of about 40 [1.1 is applied topically to a 
rabbit eye, delivers an amount of the therapeutic agent su?i 
cient to achieve: (a) an average concentration of the therapeu 
tic agent in the cornea of the rabbit eye equivalent to an 
average rapamycin concentration of at least 0.01 ng/mg for at 
least about ten days after administration of the liquid formu 
lation; or (b) an average concentration of therapeutic agent in 
the retina choroid tissues of the rabbit eye equivalent to an 
average rapamycin concentration of at least 0.001 ng/mg for 
at least about ten days after administration of the liquid for 
mulation. In some variations, the liquid formulation further 
comprises polyethylene glycol. In some variations, the liquid 
formulation is applied topically to an eye of the subject about 
once or less a day, about once or less every 5 days, or about 
once or less every 10 days. In some variations, the methods 
are methods of treatment. In some variations, the liquid for 
mulation consists essentially of about 2% (W/W) rapamycin, 
about 4% (W/W) ethanol, and about 94% (W/W) PEG 400. 
[0053] Also described herein is a method for preventing an 
ocular disease in a human subject, the method comprising 
topically administering to the subject a liquid formulation 
comprising a therapeutic agent, Wherein the liquid formula 
tion, When a volume of about 40 [1.1 is applied topically to a 
rabbit eye, delivers an amount of the therapeutic agent su?i 
cient to achieve: (a) an average concentration of the therapeu 
tic agent in the cornea of the rabbit eye equivalent to an 
average rapamycin concentration of at least 0.01 ng/mg for at 
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least about ten days after administration of the liquid formu 
lation; or (b) an average concentration of therapeutic agent in 
the retina choroid tissues of the rabbit eye equivalent to an 
average rapamycin concentration of at least 0.001 ng/mg for 
at least about ten days after administration of the liquid for 
mulation. In some variations, the liquid formulation further 
comprises polyethylene glycol. In some variations, the liquid 
formulation is applied topically to an eye of the subject about 
once or less a day, about once or less every 5 days, or about 
once or less every 10 days. In some variations, the methods 
are methods of treatment. In some variations, the liquid for 
mulation consists essentially of about 2% (W/W) rapamycin, 
about 4% (W/W) ethanol, and about 94% (W/W) PEG 400. 
[0054] In some variations of each of the aforementioned 
methods and/or formulations, as Well as other methods and/or 
formulations described herein, the therapeutic agent is rapa 
mycin, SDZ-RAD, tacrolimus, everolimus, pimecrolimus, 
CCI-779, AP23841, or ABT-578, or is a derivative, analog, 
prodrug, salt or ester of rapamycin, SDZ-RAD, tacrolimus, 
everolimus, pimecrolimus, CCI-779, AP23841, or ABT-578. 
[0055] In some variations of each of the aforementioned 
methods and/or formulations, as Well as other methods and/or 
formulations described herein, the therapeutic agent is rapa 
mycin, or a pharmaceutically acceptable salt or ester thereof. 
[0056] In some variations of each of the aforementioned 
methods and/or formulations, as Well as other methods and/or 
formulations described herein, the therapeutic agent is dasa 
tinib, or a pharmaceutically acceptable salt or ester thereof. 
[0057] Further described herein is a liquid formulation con 
sisting essentially of about 2% (W/W) rapamycin, about 4% 
(W/W) ethanol, and about 94% (W/W) PEG 400, as Well as a 
liquid formulation consisting essentially of about 4% (W/W) 
rapamycin, about 4% (W/W) ethanol, and about 92% (W/W) 
PEG 400. A liquid formulation consisting essentially of about 
1.47% (W/W) rapamycin, about 2.93% (W/W) ethanol, about 
26.6% (W/W) normal saline, and about 69% (W/W) PEG 400 is 
also provided. Methods of using such formulations in the 
treatment of an ocular disease are also provided. Methods of 
using such formulations in the prevention of an ocular disease 
are also provided. In some variations, the methods comprise 
administering the liquid formulation by intravitreal, subcon 
junctival, topical, or subtenon administration. 
[0058] A method for treating an ocular disease in a human 
subject, the method comprising administering to the human 
subject a volume of a liquid formulation by placement in the 
vitreous of the subject, Wherein the volume of the liquid 
formulation comprises betWeen about 20 [1g and about 750 [1g 
of rapamycin, or a pharmaceutically acceptable salt or ester 
thereof, is also provided herein. In some variations, the vol 
ume of the liquid formulation is about 30 [1.1 or less, about 20 
[1.1 or less, or about 10 [1.1 or less. In certain variations, the 
volume of the liquid formulation contains betWeen about 30 
[1g and about 200 [1g of rapamycin. The liquid formulation, in 
some variations, consists essentially of about 2% (W/W) rapa 
mycin, about 4% (W/W) ethanol, and about 94% (W/W) PEG 
400. 

[0059] A method for preventing an ocular disease in a 
human subject, the method comprising administering to the 
human subject a volume of a liquid formulation by placement 
in the vitreous of the subject, Wherein the volume of the liquid 
formulation comprises betWeen about 20 [1g and about 750 [1g 
of rapamycin, or a pharmaceutically acceptable salt or ester 
thereof, is also provided herein. In some variations, the vol 
ume of the liquid formulation is about 30 [1.1 or less, about 20 
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pl or less, or about 10 pl or less. In certain variations, the 
volume of the liquid formulation contains betWeen about 30 
pg and about 200 pg of rapamycin. The liquid formulation, in 
some variations, consists essentially of about 2% (W/W) rapa 
mycin, about 4% (W/W) ethanol, and about 94% (W/W) PEG 
400. 

[0060] In addition, described herein is a method for treating 
an ocular disease in a human subject, the method comprising 
administering to the human subject a volume of a liquid 
formulation by placement betWeen the sclera and conjunctiva 
of the subject, Wherein the liquid formulation comprises 
betWeen about 50 pg and about 3 mg of rapamycin, or a 
pharmaceutically acceptable salt or ester thereof. In some 
variations, the volume of the liquid formulation is about 150 
pl or less, about 100 pl or less, or about 40 pl or less. In some 
variations, the volume of the liquid formulation comprises 
betWeen about 300 pg and about 1000 pg of rapamycin. In 
some variations, the amount of rapamycin in the volume of 
the formulation that is administered is about 400 pg to about 
900 pg, about 500 pg to about 800 pg, or about 600 pg to about 
700 pg of rapamycin. In some embodiments, the volume of 
the formulation that is administered to the subject is about 10 
pl to about 50 pl, about 15 pl to about 45 pl, about 20 pl to 
about 40 pl, or about 25 pl to about 35 pl. In some variations, 
the volume of the formulation that is administered comprises 
about 440 pg of rapamycin in about 20 pl. In some variations, 
the volume of the formulation that is administered comprises 
about 660 pg of rapamycin in about 30 pl. In some variations, 
the volume of the formulation that is administered comprises 
about 880 pg of rapamycin in about 40 pl. The liquid formu 
lation, in some variations, consists essentially of about 2% 
(W/W) rapamycin, about 4% (W/W) ethanol, and about 94% 
(W/W) PEG 400. In some variations, the liquid formulation 
comprises less than about 40 pl of polyethylene glycol. In 
some alternative variations, the formulation comprises less 
than about 80 pl of polyethylene glycol (including, Without 
limitation, PEG 400), less than about 60 pl of polyethylene 
glycol, or less than about 40 pl of polyethylene glycol. In 
some variations, the formulation comprises no polyethylene 
glycol. 
[0061] In addition, described herein is a method for pre 
venting an ocular disease in a human subject, the method 
comprising administering to the human subject a volume of a 
liquid formulation by placement betWeen the sclera and con 
junctiva of the subject, Wherein the liquid formulation com 
prises betWeen about 50 pg and about 3 mg of rapamycin, or 
a pharmaceutically acceptable salt or ester thereof. In some 
variations, the volume of the liquid formulation is about 150 
pl or less, about 100 pl or less, or about 40 pl or less. In some 
variations, the volume of the liquid formulation comprises 
betWeen about 300 pg and about 1000 pg of rapamycin. In 
some variations, the amount of rapamycin in the volume of 
the formulation that is administered is about 400 pg to about 
900 pg, about 500 pg to about 800 pg, or about 600 pg to about 
700 pg of rapamycin. In some embodiments, the volume of 
the formulation that is administered to the subject is about 10 
pl to about 50 pl, about 15 pl to about 45 pl, about 20 pl to 
about 40 pl, or about 25 pl to about 35 pl. In some variations, 
the volume of the formulation that is administered comprises 
about 440 pg of rapamycin in about 20 pl. In some variations, 
the volume of the formulation that is administered comprises 
about 660 pg of rapamycin in about 30 pl. In some variations, 
the volume of the formulation that is administered comprises 
about 880 pg of rapamycin in about 40 pl. The liquid formu 
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lation, in some variations, consists essentially of about 2% 
(W/W) rapamycin, about 4% (W/W) ethanol, and about 94% 
(W/W) PEG 400. In some variations, the liquid formulation 
comprises less than about 40 pl of polyethylene glycol. In 
some alternative variations, the formulation comprises less 
than about 80 pl of polyethylene glycol (including, Without 
limitation, PEG 400), less than about 60 pl of polyethylene 
glycol, or less than about 40 pl of polyethylene glycol. In 
some variations, the formulation comprises no polyethylene 
glycol. 
[0062] Further described herein is a method for treating an 
ocular disease in a human subject, the method comprising 
administering by subtenon injection to the subject a volume 
of a liquid formulation comprising betWeen about 50 pg and 
about 3 mg of a therapeutic agent. In some variations, the 
therapeutic agent is selected from the group consisting of 
rapamycin or dasatinib, or a pharmaceutically acceptable salt 
or ester of either agent. In some variations, the liquid formu 
lation comprises greater than about 30 pl, greater than about 
60 pl, or greater than about 80 pl of polyethylene glycol 400 
(PEG 400), or a material having a hygroscopicity equal to or 
greater than PEG 400. In some variations, the material is a 
solvent. In some variations, the liquid formulation consists 
essentially of about 2% (W/W) rapamycin, about 4% (W/W) 
ethanol, and about 94% (W/W) PEG 400. 
[0063] Further described herein is a method for preventing 
an ocular disease in a human subject, the method comprising 
administering by subtenon injection to the subject a volume 
of a liquid formulation comprising betWeen about 50 pg and 
about 3 mg of a therapeutic agent. In some variations, the 
therapeutic agent is selected from the group consisting of 
rapamycin or dasatinib, or a pharmaceutically acceptable salt 
or ester of either agent. In some variations, the liquid formu 
lation comprises greater than about 30 pl, greater than about 
60 pl, or greater than about 80 pl of polyethylene glycol 400 
(PEG 400), or a material having a hygroscopicity equal to or 
greater than PEG 400. In some variations, the material is a 
solvent. In some variations, the liquid formulation consists 
essentially of about 2% (W/W) rapamycin, about 4% (W/W) 
ethanol, and about 94% (W/W) PEG 400. 
[0064] Also described herein is a method for treating an 
ocular disease in a human subject comprising: (a) adminis 
tering to the human subject a volume of a ?rst liquid formu 
lation by placement in the vitreous of the subject, Wherein the 
?rst liquid formulation comprises a ?rst therapeutic agent; 
and (b) administering to the human subject a volume of a 
second liquid formulation by placement betWeen the sclera 
and conjunctiva of the subject, Wherein the second liquid 
formulation comprises rapamycin, or a pharmaceutically 
acceptable salt or ester thereof; Wherein an amount of the ?rst 
and second therapeutic agents effective to treat the ocular 
disease is administered to the subject. In some variations, step 
(b) is subsequent to step (a). In some variations, the ?rst 
therapeutic agent is rapamycin, or a pharmaceutically accept 
able salt or ester thereof. The ?rst liquid formulation may be 
identical to the second liquid formulation or different from 
the second liquid formulation. In some variations, the ?rst 
therapeutic agent is selected from the group consisting of 
ranibiZumab and bevaciZumab. In some variations, both step 
(a) and step (b) are performed during a single administration 
session (including, but not limited to, a single visit With a 
physician or other medical professional or other single ses 
sion in Which the administrations are performed by the sub 
ject, a physician, or other medical professional). In some 




















































































































































